1. Introduction {#sec1-ijms-17-00466}
===============

The world's elderly population is growing rapidly and a World Health Organization (WHO) report indicates that 22% of the world's population will be aged over 60 years by 2050 \[[@B1-ijms-17-00466]\]. The aging process progresses along an individual's lifespan and is influenced by various pathological conditions such as cardiac disorders, diabetes mellitus, dementia, and neoplasia. Cardiovascular disease (CVD) is one of the major causes of death in this population \[[@B2-ijms-17-00466],[@B3-ijms-17-00466],[@B4-ijms-17-00466],[@B5-ijms-17-00466]\]. CVDs are induced by various pathogenic factors such as lack of exercise, alcohol consumption, and smoking habits, especially in the elderly population \[[@B6-ijms-17-00466],[@B7-ijms-17-00466],[@B8-ijms-17-00466]\].

Studies have demonstrated that oxidative stress increases with aging \[[@B9-ijms-17-00466],[@B10-ijms-17-00466]\]. Moreover, some factors are highly associated with heart failure (HF) in aging, such as oxidative stress and inflammation \[[@B11-ijms-17-00466]\].

Accumulating evidence has demonstrated that mitochondria are essential organelles with crucial functions in any tissue, such as energy metabolism and reactive oxygen species (ROS) generation \[[@B12-ijms-17-00466]\]. Furthermore, heart failure is a serious cardiovascular disease associated with excess oxidative stress resulting from mitochondrial ROS accumulation \[[@B13-ijms-17-00466],[@B14-ijms-17-00466],[@B15-ijms-17-00466]\]. Recently, a study indicated that ROS plays a critical role in heart failure, and under hypoxic conditions, mitochondria can overproduce ROS that may result in ROS-dependent hypoxia-induced cell death in cardiomyocytes \[[@B16-ijms-17-00466]\].

The [d]{.smallcaps}-galactose-induced aged rat models have been widely used in studying aging mechanisms \[[@B17-ijms-17-00466],[@B18-ijms-17-00466],[@B19-ijms-17-00466]\]. [d]{.smallcaps}-Galactose plays a role as a reducing sugar that reacts with amino groups in proteins, lipids, and nucleic acids to form advanced glycation endproducts (AGE) \[[@B20-ijms-17-00466],[@B21-ijms-17-00466]\]. Formation and accumulation of AGEs increase ROS production by acting as the interacting receptor for AGE (RAGE) and accelerating the aging process \[[@B22-ijms-17-00466],[@B23-ijms-17-00466],[@B24-ijms-17-00466],[@B25-ijms-17-00466],[@B26-ijms-17-00466]\]. Oxidative stress caused by ROS is considered a major factor leading to aberrant signaling pathways which finally contribute to the aging process \[[@B27-ijms-17-00466],[@B28-ijms-17-00466],[@B29-ijms-17-00466]\].

Heart failure is a serious cardiovascular disease that impairs ventricle functions and contributes to cardiac multisystem disorders \[[@B30-ijms-17-00466]\]. Myocardial apoptosis has been reported as an essential process in the development of HF \[[@B31-ijms-17-00466],[@B32-ijms-17-00466],[@B33-ijms-17-00466],[@B34-ijms-17-00466]\]. Breaking the balance between cell death and cell survival mechanisms leads to heart failure \[[@B35-ijms-17-00466]\].

Two main pathways---the "extrinsic" pathway and the "intrinsic pathway"---mediate apoptotic signaling in mammalian cells. The extrinsic apoptotic pathway is often triggered by P53 or Fas ligand which eventually activates the expression of death receptor superfamily members, such as Fas receptor and tumor necrosis factor-α receptor (TNFR) \[[@B34-ijms-17-00466],[@B36-ijms-17-00466],[@B37-ijms-17-00466],[@B38-ijms-17-00466]\]. The death receptors induce the formation of a death-inducing signal complex (DISC) \[[@B39-ijms-17-00466]\]. This complex recruits and aggregates the pro form of caspase 8 via the adaptor molecule Fas-associated death domain (FADD) \[[@B40-ijms-17-00466]\], which leads to the activation of caspase 3, the key effector of apoptosis \[[@B41-ijms-17-00466],[@B42-ijms-17-00466]\].

The intrinsic apoptotic pathway is also known as the mitochondria-dependent apoptotic pathway, mediated by Bax/Bcl-2 (B-cell lymphoma 2-associated X protein/B-cell lymphoma 2) dysregulation \[[@B43-ijms-17-00466]\]. Intracellular signaling triggers outer mitochondrial membrane disruption, which would release cytochrome *c* from the mitochondria into the cytosol, which then triggers caspase 3 activation and results in apoptosis \[[@B36-ijms-17-00466],[@B43-ijms-17-00466],[@B44-ijms-17-00466]\].

The anti-apoptotic protein Bcl2 inhibits the cytochrome *c* release from the mitochondria initiated by Bax \[[@B36-ijms-17-00466]\]. Previous studies indicated that Bcl-2 overexpression in cardiomyocytes attenuates the release of mitochondrial inter-membrane proteins via a decrease in the loss of mitochondrial membrane electro-potential \[[@B45-ijms-17-00466]\].

It is known that insulin and insulin-like growth factor-I (IGFI) signaling has important survival roles in cardiac tissues to promote the modulation of survival responses \[[@B46-ijms-17-00466],[@B47-ijms-17-00466]\]. Phosphatidylinositol-3′ kinase (PI3K) and protein kinase B (Akt) have been identified as key determinants of insulin and IGFI receptor (IGFIR) signaling \[[@B48-ijms-17-00466],[@B49-ijms-17-00466],[@B50-ijms-17-00466]\]. Previous studies indicated that IGFI signaling inactivated pro-apoptotic factor Bad through PI3K and the Akt pathway \[[@B51-ijms-17-00466],[@B52-ijms-17-00466]\]. IGF1 signaling also promoted cardiac survival via activated increases in the anti-apoptotic protein (Bcl-xL) mitochondrial performance \[[@B53-ijms-17-00466]\].

Sirtuin (SIRT) is a highly conserved family of class III histone deacetylases among species and widely expressed in almost all the mammalian organs. There are seven members (SIRT1-7) in the family. The sirtuin family plays an important role in many critical pathways, such as modulate stress-response and distinct metabolic pathways \[[@B54-ijms-17-00466],[@B55-ijms-17-00466],[@B56-ijms-17-00466]\]. Sirtuin 1 (SIRT1), a nicotinamide adenine dinucleotide (NAD+)-dependent deacetylase, is involved in various cellular processes such as cell survival, apoptosis, growth, aging and metabolism \[[@B57-ijms-17-00466],[@B58-ijms-17-00466],[@B59-ijms-17-00466]\]. Emerging evidence showed that SIRT1 is a longevity factor protecting cardiac myocytes against oxidative stress and attenuated cardiomyocyte hypertrophy and retards the progression of aging-induced cardiomyopathy \[[@B60-ijms-17-00466],[@B61-ijms-17-00466]\].

*Alpinate Oxyphyllae Fructus* (*Alpinia oxyphylla* MIQ, AOF) is one of the important traditional Chinese medicines which has been widely used for treating salivation, polyuria, diarrhea, and gastralgia in light of the Chinese Pharmacopoeia \[[@B62-ijms-17-00466]\]. Previous studies indicated that AOF extracts showed neuroprotective activity against oxidative stress-induced apoptosis \[[@B63-ijms-17-00466]\]. AOF extracts also showed anti-apoptotic potential in cardio-myoblast cells. Our recent studies demonstrated that the Angiotensin-II induced cardiac apoptosis was significantly decreased by AOF extracts' treatment \[[@B64-ijms-17-00466]\]. In Korea, AOF was used for treating various symptoms accompanying hypertension and cerebrovascular disorders mainly because of its anti-aging and sexual-reinforcing activity \[[@B62-ijms-17-00466],[@B63-ijms-17-00466],[@B65-ijms-17-00466],[@B66-ijms-17-00466],[@B67-ijms-17-00466]\]. Besides, it has been reported that the methanol extract of AOF has cardio-tonic effects \[[@B68-ijms-17-00466]\]. Here, we investigated further whether AOF ameliorated the ROS-induced aging heart problem and related signaling paths and mechanisms.

2. Results {#sec2-ijms-17-00466}
==========

2.1. Echocardiography Findings {#sec2dot1-ijms-17-00466}
------------------------------

We performed echocardiography to analyze heart function ([Figure 1](#ijms-17-00466-f001){ref-type="fig"} and [Table 1](#ijms-17-00466-t001){ref-type="table"}). We first examined whether [d]{.smallcaps}-galactose treatment for eight weeks induced rat cardiac aging. [d]{.smallcaps}-Galactose treatment significantly decreases heart function by FS% (fraction shortening (FS)) and EF% (ejection fraction (EF)) in the aging group rats ([Figure 1](#ijms-17-00466-f001){ref-type="fig"}). The echocardiographic parameters of Sprague--Dawley (SD) rats are presented in [Table 1](#ijms-17-00466-t001){ref-type="table"} with a significant difference in FS and EF between the aging group and AOF treatment group ([Figure 1](#ijms-17-00466-f001){ref-type="fig"}A). Eight weeks after being treated with low, median and high dosages of AOF, EF% were increased in these groups compared with the aging group (76.96 ± 2.86 *vs.* 67.46 ± 2.70, *p* \< 0.01; 71.53 ± 0.77 *vs.* 67.46 ± 2.70, *p* \< 0.05; and 71.53 ± 0.77 *vs.* 67.46 ± 2.70, *p* \< 0.001, respectively). Additionally, we observed that the FS% was significantly increased compared with the aging group (41.12 ± 2.61 *vs.* 33.61 ± 2.02, *p* \< 0.01; 36.52 ± 0.58 *vs.* 33.61 ± 2.02, *p* \< 0.05; and 44.75 ± 3.92 *vs.* 33.61 ± 2.02, *p* \< 0.001, respectively) ([Figure 1](#ijms-17-00466-f001){ref-type="fig"}B), thus indicating a cardioprotective effect.

2.2. Cardiac Histopathological Changes {#sec2dot2-ijms-17-00466}
--------------------------------------

To investigate the changes in cardiac architecture, hematoxylin and eosin staining of tissue slides was performed to image cardiomyocytes ([Figure 2](#ijms-17-00466-f002){ref-type="fig"}). After viewing ×400 magnified images, the control group had normal myocardial cell architecture and volume. However, the aging groups exhibited abnormal myocardial architecture and volume due to aging. Cardiomyocytes from the aging rats were disordered with more space between the cells. However, the AOF treatment groups had significantly reduced disordered arrangement and space between cardiomyocytes ([Figure 2](#ijms-17-00466-f002){ref-type="fig"}).

2.3. TUNEL-Positive Cells Detection in Cardiac Tissues {#sec2dot3-ijms-17-00466}
------------------------------------------------------

Cell nuclei were stained with 4,6-diamidino-2-phenylindole (DAPI) (blue), and cleaved DNA fragments in the apoptotic nuclei were detected by terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining (green). The images were magnified ×200, TUNEL staining showed that the aging group rats had higher number of apoptotic cardiomyocytes compared to the control group. Additionally, the AOF treatment groups (AL, AM and AH) had fewer apoptotic cardiac cells than those in the aging group ([Figure 3](#ijms-17-00466-f003){ref-type="fig"}).

Moreover, the Image J software analyzed the number of apoptotic cells with one-way analysis of variance (ANOVA) statistical analysis, showing differences with *p* \< 0.001 for Control:Aging and *p* \< 0.001 for Aging:(Aging + AL/AM/AH). The results in [Figure 3](#ijms-17-00466-f003){ref-type="fig"} show significant differences.

2.4. Alpinate Oxyphyllae Fructus (AOF) Treatment Attenuated the Activation of Cardiac Fas Receptor-Dependent Apoptotic Pathways {#sec2dot4-ijms-17-00466}
-------------------------------------------------------------------------------------------------------------------------------

To investigate whether AOF could inhibit cardiac cell apoptosis in [d]{.smallcaps}-galactose-induced aging rat models, the protein level of cleaved Caspase-3 in the tissue sections were examined by immunohistochemistry (IHC). The result shows cleaved Caspase-3 staining was stronger in the aging group compared to normal tissue. Moreover, representative imaging demonstrated that treatment with AOF significantly decreased the protein level of cleaved Caspase-3 in the [d]{.smallcaps}-galactose-induced aging rats models ([Figure 4](#ijms-17-00466-f004){ref-type="fig"}A).

After confirming the aging effects of the [d]{.smallcaps}-galactose treatment, we investigated how mitochondria and caspase dependent apoptotic signaling pathways were altered in aging rats that were fed with AOF. The Western blot result showed that the [d]{.smallcaps}-galactose treatment induced Caspase 3, 8, 9, Bax levels ([Figure 4](#ijms-17-00466-f004){ref-type="fig"}B,C) and Cytochrome *c* release in the cytosol ([Figure 4](#ijms-17-00466-f004){ref-type="fig"}D). However, all these changes induced by [d]{.smallcaps}-galactose were totally reversed by AOF in a dose-dependent manner ([Figure 4](#ijms-17-00466-f004){ref-type="fig"}). All the data suggest that AOF may have a strong cardio-protective function by decreasing the apoptotic pathway.

2.5. Effect of AOF Treatment on Cardiac Survival Pathways {#sec2dot5-ijms-17-00466}
---------------------------------------------------------

We further examined whether the survival proteins' expression increased with AOF treatment in the aging rat hearts. The protein levels of p-Akt, Bcl-2, Bcl-xL, p-IGF1R and p-PI3K were significantly decreased in the aging group, but after being treated with AOF, the survival protein level increased significantly compared with those in the aging group ([Figure 5](#ijms-17-00466-f005){ref-type="fig"}).

According to our previous study, aging rats performed the SIRT longevity pathway instead of the IGF1 survival signaling to increase cardiomyocyte survival \[[@B69-ijms-17-00466]\]. Our study also focused on the longevity-related signaling molecules, phospho AMP-activated protein kinase (p-AMPK), SIRT1, and peroxisome proliferator-activated receptor-γ co-activator-1 α (PGC-1α) ([Figure 6](#ijms-17-00466-f006){ref-type="fig"}). The SIRT1 pathway protein decreased with age. The protein levels of p-AMPK, SIRT1, and PGC-1α were significantly lower with age in the aging groups. Comparing the treatment of the AOF groups (AL, AM, and AH) to aging groups, in which p-AMPK, SIRT1, and PGC-1α were higher, a dose-dependent manner was demonstrated in this longevity-related signaling pathway.

3. Discussion {#sec3-ijms-17-00466}
=============

The results from our study show that [d]{.smallcaps}-galactose induced aging in rats incurred cardiomyocyte apoptosis. However, eight weeks of AOF treatments provided remarkable benefits in [d]{.smallcaps}-galactose induced aging rats. In addition, AOF treatment enhanced the protein levels of p-Akt, Bcl-2 and Bcl-xL in cardiomyocytes, and decreased the levels of Caspase 3, 8, 9, Bax and cytosolic Cytochrome *c* and thereby inhibited cellular apoptosis. These results demonstrated that treatment with AOF efficiently attenuates cardiomyocyte apoptosis of aging rats.

We used a traditional Chinese medicine *Alpinate Oxyphyllae Fructus*, which has been reported with neuroprotective activity and anti-apoptotic potential in cardiomyoblast cells \[[@B62-ijms-17-00466],[@B64-ijms-17-00466],[@B65-ijms-17-00466]\]. In our previous experiment, we found that poor health factors can cause heart disease, such as high blood pressure, obesity, diabetes, and even secondhand smoke in rats. The apoptotic pathway exhibited increased levels of damage with a reduced survival pathway in these situations. Exercise training and eating purple sweet potato yogurt can help to prevent heart failure and apoptosis \[[@B70-ijms-17-00466],[@B71-ijms-17-00466],[@B72-ijms-17-00466],[@B73-ijms-17-00466],[@B74-ijms-17-00466]\]. Few studies have investigated whether AOF can prevent cardiac apoptosis in aging.

In cardiomyocytes, mitochondria perform a dual role in continuous supply of ATP providing the contracting cardiacmyocyte and cell apoptosis. In response to changes in the environment, mitochondria quickly change from energy supplier to cell death promoter. Mitochondrial dysfunction leads to ATP synthesis disruption and further produce ROS, finally resulting in cardiacmyocyte apoptosis \[[@B75-ijms-17-00466],[@B76-ijms-17-00466],[@B77-ijms-17-00466]\]. It has been reported that ROS contributes to the development of heart failure as it correlates with left ventricle (LV) dysfunction \[[@B78-ijms-17-00466],[@B79-ijms-17-00466]\]. Our findings showed that the [d]{.smallcaps}-galactose stimuli ROS accumulation resulted in cardiomyocytes disorder and significantly decreased heart function on FS% and EF%. However, previous studies have found AOF to be beneficial in cardiac survival \[[@B64-ijms-17-00466]\]. Thus, we expected AOF may therefore demonstrate recovery potential for cardiac cell morphology. As expected, heart function and cardiomyocyte disorder were significantly rescued by AOF treatment. In terms of functional assay, AOF treatment could provide benefits in cardiomyocytes.

[d]{.smallcaps}-Galactose-induced aging rats exhibit many symptoms similar to natural aging, such as poor immune responses, decreased antioxidant enzyme activity and accumulation of ROS \[[@B80-ijms-17-00466],[@B81-ijms-17-00466],[@B82-ijms-17-00466]\]. Galactose metabolism is divided into three major metabolic pathways. However, one of these pathways, galactose-oxidase trigger galacitol (ducitol) and O~2~ to aldehydes and H~2~O~2~ major dominate ROS accumulation \[[@B83-ijms-17-00466]\]. The levels of reducing sugars were significantly increased in [d]{.smallcaps}-galactose-induced aging mice which led to excessive galactose metabolism. Many studies have demonstrated that [d]{.smallcaps}-galactose induced aging symptoms are due to the oxidative stress resulting from excessive galactose metabolism \[[@B18-ijms-17-00466],[@B84-ijms-17-00466],[@B85-ijms-17-00466]\]. The superoxide content has also been found to have increased dramatically in [d]{.smallcaps}-galactose-induced aging mice brains and livers \[[@B86-ijms-17-00466]\].

Apoptosis is a critical event often associated with the pathophysiology of heart failure \[[@B87-ijms-17-00466],[@B88-ijms-17-00466],[@B89-ijms-17-00466]\]. We hypothesized that the [d]{.smallcaps}-galactose-induced cell apoptosis could be recovered in our [d]{.smallcaps}-galactose-induced aged rat. In the present study, [d]{.smallcaps}-galactose increased cardiomyocytes apoptosis levels, as indicated with the increase in TUNEL-positive cells. However, this situation was reversed by AOF treatment (50, 100, and 150 mg/Kg/day), leading to an apoptotic level similar to that of the control ([Figure 3](#ijms-17-00466-f003){ref-type="fig"}). The activation of Caspase-9 and -3 also increased by [d]{.smallcaps}-galactose-induced aging and down-regulated by AOF administration ([Figure 4](#ijms-17-00466-f004){ref-type="fig"}). The level of anti-apoptotic proteins were reduced in the [d]{.smallcaps}-galactose-induced aging group, but were reversed by AOF treatment ([Figure 5](#ijms-17-00466-f005){ref-type="fig"}).

In addition, growing evidence supports a close relationship between inflammation and oxidation \[[@B90-ijms-17-00466]\]. ROS overproduction triggers the tumor necrosis factor-α (TNF-α) and nuclear transcription factor-κB (NF-κB) related inflammatory signaling in cardiomyocytes \[[@B91-ijms-17-00466]\]. TNF-α enhanced by ROS further activates NF-κB, which also mediates formation of a death-inducing signal complex (DISC) by TNFα receptor, eventually leading to the activation of extrinsic apoptotic pathway \[[@B40-ijms-17-00466],[@B92-ijms-17-00466],[@B93-ijms-17-00466]\]. NF-κB had been characterized as a central mediator of inflammatory responses and is involved in the regulation of cellular apoptosis \[[@B94-ijms-17-00466],[@B95-ijms-17-00466],[@B96-ijms-17-00466]\]. In pro-inflammatory myocardium, ROS triggers the toll-like receptors (TLR) involved in intracellular signaling and activates NF-κB by proteasomal degradation of the inhibitors of NF-κB (IκBs), which result in the nuclear translocation of NF-κB and further expression of pro-inflammatory cytokines such as interleukin (IL)-1β, IL-18 and activate NLRP3 (NLR Family, Pyrin Domain Containing 3) inflammasome \[[@B97-ijms-17-00466]\]. The NLRP3-inflammasome is composed of procaspase-1, NLRP3 and adapter protein apoptosis-associated speck-like protein (ASC) \[[@B98-ijms-17-00466],[@B99-ijms-17-00466]\]. Inflammasome effector caspase-1 eventually processes IL-1β and IL-18 precursors to their active forms and further triggers multiple pro-inflammatory pathways \[[@B100-ijms-17-00466],[@B101-ijms-17-00466]\].

Emerging evidence indicates that NF-κB and SIRT1 signaling are antagonistic mechanisms that maintain cellular homeostasis \[[@B95-ijms-17-00466]\]. SIRT1 triggers the downstream effects of AMPK, PGC-1α and peroxisome proliferator-activated receptor-α (PPAR-α). These factors activate oxidative metabolism and suppress both NF-κB signaling and inflammation. On the other hand, the NF-κB system also down-regulates SIRT1-mediated function via the miR-34a expression and reactive oxygen species \[[@B95-ijms-17-00466],[@B102-ijms-17-00466]\]. SIRT1 inhibits NF-κB transcriptional activity by directly interacting with the NF-κB subunit RelA/p65 and deacetylating RelA/p65 at lysine 310 \[[@B103-ijms-17-00466]\]. To date, most studies suggested that SIRT1 mediates PPARs' activation by PGC1α deacetylation, ensuring PPARα/PGC-1α down-regulates TLR and inflammasome-dependent inflammation, respectively, by inhibition of p38 MAPK and inflammasome assembly \[[@B104-ijms-17-00466],[@B105-ijms-17-00466],[@B106-ijms-17-00466],[@B107-ijms-17-00466],[@B108-ijms-17-00466],[@B109-ijms-17-00466]\]. Our data demonstrate that SIRT was markedly decreased in rat hearts with [d]{.smallcaps}-galactose treatment. However, the positive effects resulting from the AOF treatment include activation of longevity factor SIRT 1 and promotion of the SIRT1-mediated functions through PPARα/PGC-1α activation ([Figure 6](#ijms-17-00466-f006){ref-type="fig"}). Therefore, AOF could effectively restrain myocardial apoptosis in aging rats.

The cardio-protective ability of sulphonylurea receptor subunits SUR2A---an "atypical" ATP-binding cassette (ABC) protein---has been previously revealed in aging rats \[[@B110-ijms-17-00466]\]. Overexpression of myocardial SUR2A has been suggested to increase cell resistance against metabolic stress and aging-induced decline in cardiac health \[[@B110-ijms-17-00466],[@B111-ijms-17-00466],[@B112-ijms-17-00466]\]. Interestingly, emerging evidence indicates that the PI3K/Akt signaling pathway is important for up-regulation of SUR2A \[[@B113-ijms-17-00466],[@B114-ijms-17-00466]\]. Furthermore, recent study indicates that high NAD+/NADH ratio up-regulates SUR2A expression via PI3K/Akt signaling and increases cardiac resistance to different types of stresses \[[@B113-ijms-17-00466],[@B115-ijms-17-00466],[@B116-ijms-17-00466],[@B117-ijms-17-00466]\]. NAD^+^/NADH ratio plays an important role in DNA repair, cell death, oxidative metabolism, and ageing process \[[@B118-ijms-17-00466]\]. It is known that sirtuins process deacylation reactions uniquely with the co-substrate NAD^+^ and are been described as sensors of the NAD^+^/NADH ratio \[[@B119-ijms-17-00466]\]. Subsequent studies demonstrate up-regulation of SIRT1 and activation of oxidative metabolism when the ratio moves towards higher NAD^+^ \[[@B120-ijms-17-00466],[@B121-ijms-17-00466]\]. Correlation of these signaling factors with SIRT1 and SUR2A suggest that AOF treatment might also increase SUR2A levels. However, whether SUR2A is involved in the positive effect of AOF and their associated mechanisms remains unknown.

In conclusion, it was found that aging induced significant increases of apoptosis in cardiomyocytes. However, AOF reduced these effects in treatment by different dosages. Therefore, AOF might be effective for cardiac apoptosis and ventricular remodeling prevention in aging-enhanced cardiovascular diseases.

4. Materials and Methods {#sec4-ijms-17-00466}
========================

4.1. AOF Extraction {#sec4dot1-ijms-17-00466}
-------------------

Fragments of AOF were obtained from Shin-Long Pharmaceutical Company (Taichung, Taiwan). The AOF fragments (150 g) were extracted with 600 mL of boiling distilled water for 2 h. The AOF filtrate was concentrated under reduced pressure and then stored at 4 °C for further use. The spray drying was used to produce AOF extract powder.

4.2. Animals and Experimental Design {#sec4dot2-ijms-17-00466}
------------------------------------

Thirty-two male 8-week-old Sprague--Dawley (SD) rats weighing approximately 220 ± 20 g were used in the research. Animals were purchased from BioLASCO Taiwan Co., Ltd., (Taipei, Taiwan) and cared for at the University Animal center, China Medical University in accordance with Institutional Animal Care and Use Committee regulations. Rats were kept in a temperature-controlled (23 ± 2 °C) room with a 12:12-h light--dark cycle, and water and rat chow were provided *ad libitum*. After a 2-week acclimation period, the rats were randomly divided into five groups and named as control group, aging group (which was intraperitoneal (IP) injection injected with 150 mg/kg/day of [d]{.smallcaps}-galactose for 8 weeks), AOF low (AL, aging rats with 50 mg/kg/day of AOF), AOF medium (AM, aging rats with 100 mg/kg/day of AOF), AOF high (AH, aging rats with 150 mg/kg/day of AOF). The AOF was administered to the AOF group using oral gavage and the other groups were given the same volume of control solution. Rats were sacrificed at the end of the treatment, and heart tissue was immediately collected or stored at −80 °C until further use. All experimental procedures were following the National Institutes of Health (NIH) Guide for the Care and Use of Laboratory Animals. The animal use experimental protocol was approved by the Institutional Animal Care and Use Committee (IACUC) of China Medical University, Taichung, Taiwan (No.102-71-N; 15 August 2013).

4.3. Echocardiography {#sec4dot3-ijms-17-00466}
---------------------

Several heart functions were examined by echocardiography including left ventricular internal end-diastolic dimensions (LVIDd), left ventricular internal end-systolic dimensions (LVIDs), inter-ventricular septum (IVS), posterior wall thicknesses (LVPW), end diastolic velocity (EDV), end systolic velocity (ESV) and fractional shortening (FS) and ejection fraction (EF). FS% was calculated according to the following equation: FS% = ((LVIDd − LVIDs)/LVIDd) × 100, and EF% was calculated according to the following equation: EF (Teich) \[%\] = \[(EDV − ESV)/EDV\] × 100.

4.4. Hematoxylin--Eosin (H & E) Staining {#sec4dot4-ijms-17-00466}
----------------------------------------

The tissue sections were dyed using hematoxylin and eosin (H & E). Sections were deparaffinized by immersion in xylene and dyed using hematoxylin for 3 min. Sections were washed three times in double-distilled water (DDW) and then placed in 85% alcohol for 2 min. Then, the sections were dyed with eosin for 5 min and dehydrated through graded alcohols (90%, 80% and 70%). Finally, heart tissues were soaked in xylene, dried and morphological changes in the stained sections were examined under light microscopy (OLYMPUS Microscope, Tokyo, Japan).

4.5. Immunohistochemistry {#sec4dot5-ijms-17-00466}
-------------------------

Four micrometer thick paraffin sections were deparaffinized in xylene and sequentially rehydrated using a graded series of ethanol. The endogenous peroxidase activity was blocked with 3% hydrogen peroxide. After rinsing in water for 15 min, the sections were microwave-treated with pre-warmed citrate buffer (10 mM citric acid, pH 6.0) for 15 min, cooled down to room temperature (RT) for 30 min, and blocked with 5% cosmic calf serum (CCS, HyClone, UT, USA) for 1 h. The sections were incubated with cleaved Caspase-3 antibody (1:100) overnight at 4 °C. Then, the sections were incubated with the appropriate secondary antibodies (Santa Cruz Biotechnology, Dallas, TX, USA) for 15 min at RT. Immunoreactivity was detected with 3,3′-diaminobenzidine (DAB) substrate (Roche, Mannheim, Germany) for 5 min and the samples were washed with 1× phosphate-buffered saline (PBS, Gibco, Grand island, NY, USA) for 10 min. The sections were then viewed by using microscopy (magnification: ×200) (OLYMPUS Microscope, Tokyo, Japan).

4.6. 4,6-Diamidino-2-phenylindole (DAPI) and Tunnel Staining {#sec4dot6-ijms-17-00466}
------------------------------------------------------------

The cardiac sections were incubated with proteinase K (20 µg/mL) and the washed in phosphate-buffered saline. The sections were then incubated with terminal deoxynucleotidyl transferase and fluorescein isothiocyanate-dUTP (TUNEL, Roche Applied Science, Indianapolis, IN, USA) for 60 min at 37 °C. TUNEL-positive nuclei (fragmented DNA) were appeared as bright green spots at 460 nm. The 4,6-diamidino-2-phenylindole (DAPI) stain was dissolved in PBS at 0.1 μg/mL and applied on to the slides and incubated for 5 min and the nuclei were stained in blue light at 454 nm. Photomicrographs were recorded using a Zeiss Axiophot microscope (Zeiss Axiophot, Oberkochen, Deutschland, Germany). The counts were made by at least two different individuals in a blinded manner.

4.7. Tissue Extraction {#sec4dot7-ijms-17-00466}
----------------------

The left ventricle tissues extracts were obtained by homogenizing in a lysis buffer (50 mM Tris-HCL, pH 7.4, 2 mM EDTA, 50 mM NaF, 150 mM NaCl, 1% NP-40, 0.5% Na-deoxycholate, 0.1% SDS) at a ratio of 100 mg tissue/mL buffer for 2 min. The homogenates were placed on ice for 10 min and then centrifuged twice at 12,000× *g* for 40 min. The clean upper layer suspension was collected and stored at −80 °C for further experiments.

4.8. Electrophoresis and Western Blot {#sec4dot8-ijms-17-00466}
-------------------------------------

The protein concentration of cardiac tissue extracts were determined by the Lowry protein assay. The samples (40 µg/lane) were separated by 10% SDS polyacrylamide gel electrophoresis (SDS-PAGE). Proteins were then transferred to polyvinylidene difluoride (PVDF) membrane (Millipore, Bedford, MA, USA). The membranes were blocked in 5% milk in TBS buffer for 2 h with rotation. After washed with TBS buffer 3 times, membranes were incubated overnight at 4 °C with primary antibody. The immunoblots were washed with TBS buffer 3 times for 10 min each and then incubated with the secondary antibody for 1 h at room temperature. The signals were visualized with an enhanced chemiluminescence (ECL) reagent (Santa Cruz Biotechnology, Santa Cruz, CA, USA). Relative density of the blots was quantified using Image J software (NIH, Bethesda, MD, USA).

4.9. Statistical Analysis {#sec4dot9-ijms-17-00466}
-------------------------

All the experimental data are expressed as mean ± S.D. Comparison between two-groups were performed with Student's *t*-tests; statistical comparisons between multiple groups were performed by one-way ANOVA. In all cases, a value of *p* \< 0.05 was considered significant.
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![Echocardiography findings. Representative echocardiographic M-mode images from rats with [d]{.smallcaps}-galactose and *Alpinate Oxyphyllae Fructus* (AOF) treatment. AL (AOF low), AM (AOF medium), AH (AOF high) represent the doses of 50, 100 and 150 mg of *Alpinate Oxyphyllae Fructus* per kg BW (Body weight). The long yellow arrow indicates cardiac diastole, and the short white arrow shows cardiac systole.](ijms-17-00466-g001){#ijms-17-00466-f001}

![Morphological changes of rat cardiac tissue with Hematoxylin--Eosin (H&E) staining. Cardiac tissue sections stained with hematoxylin and eosin. The images of cardiac architecture were magnified ×400. The scale bar is 50 μm.](ijms-17-00466-g002){#ijms-17-00466-f002}

![AOF treatment inhibits [d]{.smallcaps}-galactose-induced aging and apoptosis in Sprague--Dawley (SD) rat cardiac tissue. Cardiac tissue sections were stained with 4,6-diamidino-2-phenylindole (DAPI) (blue, nucleus) and TUNEL assay (green, double-stranded DNA break or single-stranded DNA nicks.), respectively. The statistical results were shown from three independent experiments; mean ± S.D.; \*\*\* *p* \< 0.001, represent a significant difference *versus* the control; ^\#\#\#^ *p* \< 0.001, represent a significant difference *versus* the aging group.](ijms-17-00466-g003){#ijms-17-00466-f003}

###### 

Effect of AOF on [d]{.smallcaps}-galactose -induced apoptosis in SD rat cardiac tissue. (**A**) Immunohistochemical analysis for cleaved Caspase-3 in sections from the SD rat cardiovascular tissue. The protein levels decreased with AOF treatment and are shown in a brown color. Final magnifications: ×400 (bar, 50 μm). The total protein of SD rat cardiac tissue extracts was separated by 12% SDS polyacrylamide gel electrophoresis (SDS-PAGE), transferred to polyvinylidene difluoride (PVDF) membranes, and immunoblotted with antibodies against Fas, Fas-associated death domain (FADD), caspase-8, cleaved caspase-3, B-cell lymphoma 2-associated X protein (Bax), cytochrome *c* and caspase-9 antibody to detect apoptotic markers expression (**B**,**C**); Levels of cytochrome *c* were determined from cytoplasmic and from the mitochondria (**D**). Equal loading was assessed with an anti-α-tubulin antibody. These blots were quantified by densitometry. α-tubulin served as a loading control. Data are presented as means ± S.D. Bars indicate averages, \* *p* \< 0.05; \*\* *p* \< 0.01; \*\*\* *p* \< 0.001, represent a significant difference *versus* the control; ^\#^ *p* \< 0.05; ^\#\#^ *p* \< 0.01; ^\#\#\#^ *p* \< 0.001, represent a significant difference *versus* the aging group. *n* = three independent experiments for each data point.
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![Effect of AOF on [d]{.smallcaps}-galactose-induced survival in SD rat cardiac tissue. The total protein of SD rat cardiac tissue extracts was separated by 12% SDS-PAGE, transferred to PVDF membranes, and immunoblotted with antibodies against IGF1R, p-PI3K, AKT, Bcl-xL and Bcl2 antibody to detect survival markers expression. Equal loading was assessed with an anti-α-tubulin antibody. These blots were quantified by densitometry. α-tubulin served as a loading control. Data are presented as means ± S.D. Bars indicate averages, \* *p* \< 0.05, represent a significant difference *versus* the control; ^\#^ *p* \< 0.05; ^\#\#^ *p* \< 0.01; ^\#\#\#^ *p* \< 0.001, represent a significant difference *versus* the aging group. *n* = three independent experiments for each data point.](ijms-17-00466-g005){#ijms-17-00466-f005}

![Effect of AOF on [d]{.smallcaps}-galactose-induced Sirtuin 1 (SIRT1) pathway related protein in SD rat cardiac tissue. The total protein of SD rat cardiac tissue extracts was separated by 12% SDS-PAGE, transferred to PVDF membranes, and immunoblotted with antibodies against p-AMPK, SIRT1, PGC-1α and PPARα antibody to detect survival markers expression. Equal loading was assessed with an anti-α-tubulin antibody. These blots were quantified by densitometry. α-tubulin served as a loading control. Data are presented as means ± S.D. Bars indicate averages, \*\*\* *p* \< 0.001, represent a significant difference *versus* the control; ^\#^ *p* \< 0.05; ^\#\#\#^ *p* \< 0.001, represent a significant difference *versus* the aging group. *n* = three independent experiments for each data point.](ijms-17-00466-g006){#ijms-17-00466-f006}
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###### 

Echocardiographic parameters in the studied groups.

  Echocardiographic Parameters   Control        Aging          Aging + AL            Aging + AM          Aging + AH
  ------------------------------ -------------- -------------- --------------------- ------------------- -----------------------
  EF (Teich) (%)                 75.88 ± 6.58   67.46 ± 2.70   76.96 ± 2.86 ^\#\#^   71.53 ± 0.77 ^\#^   80.56 ± 3.79 ^\#\#\#^
  FS (%)                         40.44 ± 5.83   33.61 ± 2.02   41.12 ± 2.61 ^\#\#^   36.52 ± 0.58        44.75 ± 3.92 ^\#\#^

Data shown are means ± S.D. *n* = 3 at least in each group. AL, *Alpinate Oxyphyllae Fructus* (AOF) low; AM, AOF medium; AH, AOF high; FS, Fractional shortening; EF, ejection fraction. ^\#^ *p* \< 0.05; ^\#\#^ *p* \< 0.01; ^\#\#\#^ *p* \< 0.001 *vs.* Aging group, respectively.
